The findings of this study suggests that chemical composition, essential oil yield, antioxidant and antimicrobial activity of Boswellia serrata oleo gum resin essential oils extracted by hydro distillation, steam distillation and supercritical fluid carbon dioxide methods vary greatly from each other. The optimum essential oil yield was obtained using hydro distillation method (8.18 ± 0.15 %). The essential oils isolated through different extraction methods contained remarkable amounts of total phenolics and total flavonoids. Essential oil isolated through supercritical fluid carbon dioxide extraction exhibited better antioxidant activity with highest free radical scavenging potential (96.16 ± 1.57 %), inhibition of linoleic acid oxidation (94.18 ± 1.47 %) and hydrogen peroxide free radical scavenging potential (68.25 ± 1.02 %). Moreover, the antimicrobial activity of essential oils was performed through well diffusion, resazurin microtiter plate and micro dilution broth assay assays. The essential oil isolated through steam distillation method revealed highest antimicrobial activity with maximum inhibition zone (24.21 ± 0.34 to12.08 ± 0.30 mm) and least MIC values (35.18 ± 0.77 to 281.46 ± 7.03 µg/mL). The comparison of chemical composition of essential oils isolated at different extraction methods have shown that the concentration of α-thujene, camphene, β-pinene, myrcene, limonene, m-cymene and cis-verbenol was higher in steam distilled essential oil as compared to hydro and supercritical fluid carbon dioxide extracted essential oils. These compounds may be responsible for the higher antimicrobial activity of Boswellia serrata oleo gum resin steam distilled essential oil.
Introduction
Boswellia serrata Roxb. commonly known as Indian frankincense tree, belongs to Burseraceae family, distributed in dry regions of India, Nigeria, Yemen, Somalia, Arabia, Oman, and Pakistan. [1] [2] [3] Among 43 different species of Boswellia, Boswellia serrata is a commercially important plant due to its highly valuable oleo gum resin essential oil. Boswellia serrata essential oil is used in food, flavor, and perfume industries. [4] Moreover, it has biological activities such as anticarcinogenic, antimicrobial, psychopharmacological, antiulcer, antioxidant, and anticancer. [3, [5] [6] [7] Reactive nitrogen and oxygen species are produced in human body that is associated with various health problems such as ageing, arteriosclerosis, rheumatoid arthritis, cirrhosis, and cancer. [8, 9] Antioxidants are the first line of defense against these reactive nitrogen and oxygen species to maintain the optimum health conditions. [10] Moreover, lipid peroxidation in fat and food products cause chemical spoilage and rancid of the flavor. Lipid peroxidation also decreases fat and food products nutritional and sensory quality. [11] A wide range of synthetic antioxidant compounds have been used as preserver in food products to over lipid peroxidation reactions. Similarly, food-borne diseases are one of most emergent public health concern around the world, caused by consumption of microbial contaminated food products. [12, 13] The existence and growth of microbes on food products lead to spoilage and formation of toxins. [14] An increasing concern about use of synthetic antioxidants and food additives has increased researchers interest in finding out new food additives and antioxidants from natural sources. [15] Essential oils are secondary metabolites of aromatic plants and well known to have antioxidant, antibacterial, antiviral, antifungal, and insecticidal activities. [16, 17] Hydro-distillation and steam distillation are the conventional extraction methods used for isolation of essential oil from plant materials that are used in aromatherapy, paints, beauty products, and perfume industries. [4, 18] These conventional extraction methods have few drawbacks such as potential degradation of labile compounds, large fuel consumption, and long extraction periods. [19] [20] [21] Supercritical fluid extraction is an interesting alternative technique as compared to these conventional extraction methods with advantages like lower working temperatures, environmental friendly, and lower solvent consumptions. Wide ranges of supercritical fluids are available but carbon dioxide is extensively used due to its comparatively lower critical temperature and critical pressure. CO 2 as a supercritical fluid give better extraction for nonpolar and moderately polar compounds. Polar organic solvents can be added as modifiers for the polar compounds extraction. [22] It has been previously reported that the extraction methods may affect the essential oil yield, chemical composition, and biological activities of essential oils. [23] [24] [25] The extensive literature review confirmed that there was no report published on comparison of extraction methods and biological activity of Boswellia serrata oleo gum resin essential oils. Therefore, the present study was undertaken to evaluate the effect of extraction methods on the essential oil yield, chemical composition, and biological activity of Boswellia serrata oleo gum resin essential oil.
Materials and methods

Collection of plant materials
Boswellia serrata oleo gum resin was collected from wild habitat of Zhob district of Balochistan, Pakistan, in May 2016. The plant sample was identified and authenticated by a Taxonomist, Dr. Mansoor Hameed, Associate Professor, Department of Botany, University of Agriculture, Faisalabad, Pakistan.
Isolation of essential oil
Hydro-and steam distillation methods
The air-dried and finely grounded (80 mesh) oleo gum resin (300 g) was subjected to hydro-and steam distillations for 3 h separately. Distillates of essential oils were dried over anhydrous sodium sulfate, filtered, and stored at +4°C until further analysis. Essential oil extraction process was repeated five times for enhanced reproducibility in results.
Supercritical fluid CO 2 extraction
Extraction of essential oil from Boswellia serrata oleo gum resin was carried out at Rose Lab, Institute of Horticultural Sciences, University of Agriculture, Faisalabad, Pakistan. Liquid carbon dioxide chilled at −10°C was charged into extraction vessel (already maintained at 45 ± 1°C) using a high-pressure pump. The pressure was controlled to an accuracy of about 1% over the measuring range. The extraction vessel was packed with raw materials and glass beads to facilitate easy effusion of supercritical CO 2 through it. The supercritical CO 2 with dissolved compounds passed through a heated micrometer valve, and was subsequently expanded to ambient pressure. The extract was precipitated in a collection vessel at ambient pressure and temperature. A calibrated wet-test meter at known temperature and pressure measured the total amount of CO 2 . For each extraction test, the extractor was charged with about 500 g of oleoresin. CO 2 flow rate was 2 L/min. The oil weight was measured by precision analytical balance. [26] Antioxidant activity Total phenolic contents To 1.0 mL of each essential oil isolated at different extraction temperature, 5 mL of Folin-Ciocalteu and 4 mL of sodium carbonate (7%, w/v) were added and samples were shaken to mix the components completely. After keeping all the samples in dark for 30 min, absorbance was measured at 765 nm using a spectrophotometer (model 721D). Same procedure was adopted for gallic acid standard solutions (10, 40, 70 , 100, and 130 mg/mL). Total phenolic contents were expressed as gallic acid equivalents (GAE) in milligram per liter on dry weight basis. [27] Total flavonoid contents The total flavonoid contents in essential oils isolated at different extraction temperatures were determined using aluminum trichloride colorimetric assay as described in the literature [28] with minor modifications. To 1.0 mL of each essential oil (isolated at different extraction temperature) or catechin standard solution (20, 40, 60, 80 , and 100 mg/L) taken in a 10 mL volumetric flask, 4.0 mL of water and 0.3 mL of 5% NaNO 2 were added. After waiting for 5 min, 0.3 mL of 10% AlCl 3 was added and after further waiting for 1 min more, 2 mL of 1 M NaOH was added and total volume was made up to 10 mL using deionized distilled water. After mixing solution properly, the absorbance was measured at 510 nm using a reagent blank. The amount of total flavonoids was expressed as catechin equivalents in milligram per liter of dry plant materials.
DPPH free radical scavenging activity
The DPPH assay was performed according to method described in the literature [29] with minor modifications. To 2.5 mL of essential oils isolated at different extraction temperatures, 1 mL of 0.09 mM DPPH solution was added and final volume was made up to 4 mL using 95% MeOH. The absorbance of the resulting solutions and the blank were recorded after 1 h at room temperature in dark at 515 nm using a spectrophotometer. Butylated hydroxyl toluene (100 ppm) was used as a positive control. Percentage (%) inhibition of free radicals by DPPH was calculated using following Eq. (1):
where, A blank is the absorbance of the control reaction mixture and A sample is the absorbance of sample.
Total antioxidant contents (FRAP assay)
Total antioxidant contents were estimated using ferric reducing antioxidant power (FRAP) assay as described previously [30] with minor modifications. One milliliter of each essential oil isolated at different extraction temperature (or gallic acid solutions (20, 40, 60, 80 and 100 mg/L)) was mixed with 2.5 mL of phosphate buffer (0.2 M; pH 6.6) and 2.5 mL of potassium ferricyanide (1%, w/v). The test tubes were incubated in water at 50°C for 25 min. Then 2.5 mL of trichloroacetic acid solution (10%, w/v) was added to each test tube. From each test tube, 2.5 mL of each reaction mixture was taken in a separate test tube and diluted with 2.5 mL of distilled water, followed by addition of 500 µL of ferric chloride (0.1%, w/v) solution. The test tubes were incubated for 30 min at room temperature. The absorbance of each reaction mixture was measured at 700 nm using UV-Vis spectrophotometer. Total antioxidant activity was calculated using gallic acid calibration curve (0-100 mg/mL) and total antioxidant contents were expressed as mg/mL of GAE.
Percentage inhibition in linoleic acid system
The percentage inhibition in linoleic acid peroxide formation of essential oils isolated at different extraction temperature was determined by the method described previously in the literature [31] with minor modifications. Fifty microliters of essential oil dissolved in 1 mL of ethanol was mixed with 1 mL of linoleic acid (2.5%, v/v), 4 mL of 99.5% ethanol, and 4 mL of 0.05 M sodium phosphate buffer (pH 7). The solution was incubated at 40°C for 175 h. The extent of oxidation was measured by peroxide value using the colorimetric method. [32] To 0.2 mL sample solution, 10 mL of ethanol (75%), 0.2 mL of an aqueous solution of ammonium thiocyanate (30%), and 0.2 mL of ferrous chloride solution (20 mM in 3.5% HCl) were added sequentially. After 3 min of stirring, the absorbance was measured at 500 nm, using a spectrophotometer. A control sample (without essential oil) was also run by following similar procedure. Butylated hydroxytoluene (BHT) was used as a positive control. Inhibition of linoleic acid oxidation expressed as percent was calculated by following Eq. (2):
Abs: increase of sample at 175 h Abs: increase of control at 175 h Â 100 (2)
Hydrogen peroxide scavenging activity The ability of the essential oils to scavenge hydrogen peroxide was determined spectrophotometrically. [17] Briefly, a solution of hydrogen peroxide (2 mM) was prepared in 0.17 M phosphate buffer (pH 7.4). Essential oil (600 µL) isolated at different extraction temperatures was mixed with 600 µL of 2 mM hydrogen peroxide. After 10 min of incubation at room temperature, the absorbance was read against a blank at 230 nm. Similar procedure was adopted for ascorbic acid (100 ppm).The percentage hydrogen peroxide scavenging activity of samples was calculated by following Eq. (3):
where, A 0 was the absorbance of the control and A 1 was the absorbance of samples.
Antimicrobial activity
Microbial strains
The essential oils isolated at different temperatures were individually tested against Escherichia coli, Staphylococcus aureus, Bacillus subtilis, Pasteurella multocida, Fusarium solani, Aspergillus niger, Alternaria alternate, and Aspergillus flavus. The microbial strains were obtained from Biological Division of the Nuclear Institute for Agriculture and Biology (NIAB), Faisalabad, Pakistan.
Agar well diffusion method
The antibacterial activity of Boswellia serrata oleo gum resin essential oils isolated at different temperatures was performed by agar well diffusion method. [33] The overnight cultures of the indicator strains were transferred to flasks containing 25 mL of liquid nutrient agar. The contents of the flasks were transferred to 6-inch petri plates and allowed to solidify at room temperature. Sterilized cork borer was used for well formation. These wells were filled with 10 µL essential oils isolated at different temperatures and standard drug (ampicillin 1 mg/mL) for determination of antibacterial activity. The petri plates were incubated at 37°C for 24 h. After the incubation period, antimicrobial activity was evaluated by measuring the width of the zones of inhibition (mm).
Resazurin microtiter plate assay For the measurement of minimum inhibitory concentration (MIC) of essential oils isolated at different extraction temperatures, [34] dimethyl sulfoxide (DMSO) was diluted with distilled water (10 mL/100 mL) for preparing the working solutions of essential oils and antibiotic. About 10 µL essential oils, fractions and subfractions solutions (8.4 mg/mL, w/v, in DMSO) was pipetted into the first row of the 96-well plates. Standard antibiotic (10 µL, 1.0 mg/mL in DMSO) was also added to the first row of the 96-well plates. To all other wells, 50 µL of nutrient broth was added. Twofold serial dilutions were performed using a multichannel pipette such that each well had 50 µL of the test material in serially descending concentrations. A volume of 30 µL of 3.3× strength isosensitized broth and 10 µL of resazurin indicator solution (prepared by dissolving 270 mg tablet in 40 mL of sterile distilled water) were added in each well. Finally, 10 µL of bacterial suspension was added to each well to achieve a concentration of~5 × 10 5 cfu/mL. Each plate was wrapped loosely with cling film to avoid dehydration of bacteria. Each plate had a set of controls: a column with a positive control, a column with all solutions with the exception of the test compound, a column with all solutions with the exception of the bacterial solution (added 10 µL of nutrient broth instead), and a column with DMSO solution as a negative control. The plates were prepared in triplicate and incubated at 37°C for 24 h. The change in the color of resazurin indicator was then assessed visually. The growth was indicated by color changes from purple to pink or colorless. The lowest concentration at which color change occurred was taken as the MIC value.
Microdilution broth susceptibility assay For MIC, a microdilution broth susceptibility assay was used. [35] Essential oils were solubilized in 10% DMSO followed by dilution in culture media for use. Dilutions series (0.66-1351.08 µg/mL) of the essential oils, fractions, and subfractions in a 96-well microtiter plate, including one growth control, solvent control, and one sterility control were prepared. About 160 μL of sabouraud dextrose broth was added to microplates and 20 μL of test solution. Then, 20 μL of 5 × 10 5 cfu/mL (confirmed by viable count) of standard/microorganism suspension were inoculated onto microplates. Plates were incubated at 30ºC for 48 h in case of fungi. Fluconazole (1.0 mg/mL in 10% DMSO) was used as positive control. The growth was indicated by the presence of a white "pellet" on the well bottom. The MIC was calculated as the highest dilution showing complete inhibition of the test strains.
Gas chromatographic-mass spectrometric (GC-MS) analysis
The chemical composition of all essential oils samples was determined by gas chromatographymass spectrometry (GC-MS) using Agilent-Technologies 6890N Network GC system, equipped with 7890A series inert XL mass selective detector and 5975C series auto injector (AgilentTechnologies) along with DB-5 capillary column (50 m × 0.25 mm, film thickness of 0.25 µm). Column temperature was selected in the range of 60-240°C with a flow rate of 4°C/min. Moreover, lower and upper temperatures were held for 3 and 10 min, respectively. Helium was used as a carrier gas at a flow rate of 2 mL/min. The split mode method was employed for the injection of 2 µL essential oil (split ratio, 1:20). The MS detection was done by using an electron ionization mode with ionization energy of 70 eV. Injector and MS transfer line temperatures were set at 220°C and 290°C, respectively. [36] The identification of compounds present in essential oils was carried out on comparison of retention indices relative to NIST mass spectral library. [37, 38] 
Statistical analysis
All the experiments were triplicated and statistical analysis of the data were performed by analysis of variance using STATISTICA 5.5 (Stat Soft Inc., Tulsa, OK, USA) software. A probability value at p ≤ 0.05 was considered statistically significant. Data are presented as mean values ± standard deviation calculated from triplicate determinations.
Results and discussion
Essential oil yield
Essential oil yield of Boswellia serrata oleo gum resin isolated through hydro-distillation, steam distillation, and supercritical fluid CO 2 extraction method is shown in Fig. 1 . It was observed that extraction methods significantly affected the essential oil yield of Boswellia serrata oleo gum resin (Fig. 1) . The highest essential oil yield was obtained through hydro-distillation method (8.18 ± 0.15) and lowest essential oil recovery was noted in the supercritical fluid CO 2 extraction method (0.31 ± 0.07). The experimental results obtained are similar to the previous studies. [39, 40] In these previous studies, it was reported that hydro-and steam distillation methods gave higher essential oil yield than supercritical fluid CO 2 extraction method from Piper nigrum L. In another study, it was reported that essential oil yield varied with extraction conditions and extraction methods. [26] The variation in essential oil yield of hydro-distillation, steam distillation, and supercritical fluid CO 2 extraction method may be due to the polarity of CO 2 , as it is nonpolar solvent with different isolating power as compared to water which is a polar solvent. Moreover, it is also possible that some of the volatile compounds escaped with CO 2 from the separation vessel. The essential yields of hydro-distilled Boswellia serrata oleo gum resin are comparable to a previous study, [41] which reported that Boswellia serrata oleo gum resin collected from different locations of India, contained 5.0-9.0% essential oil. The comparison of oleo gum resin essential oil yield between Boswellia serrata and other Boswellia species shows that Boswellia serrata oleo gum resin contains higher amount of essential oil (3.30-9.37%) than Boswellia elongate (2.3%), Boswellia socotrana (1.2%), Boswellia sacra (5.5%), and Boswellia ameero (1.8%). [42, 43] Such variation in essential oil yield may be due to difference in geological, seasonal, and agro-climatic conditions. Furthermore, it has been reported that yield and chemical composition of oleo gum resin essential oil significantly vary with season, genotype, extraction conditions, depth of the draining (drilling) holes in the tree, plant nutrition, location of plant, parts of plant, environment stress, extraction methods, and storing conditions. [44] [45] [46] Antioxidant activity of essential oils Extraction methods may affect the biological activity and chemical components of Boswellia serrata oleo gum resin essential oil. Antioxidant activity of Boswellia serrata oleo gum resin essential oils isolated through different extraction methods was determined through various antioxidant assays ( Table 1 ). It was found that extraction methods significantly affect the free radical scavenging potential of essential oils. Maximum free radical scavenging potential was observed in essential oil isolated through supercritical fluid CO 2 extraction method (96.16 ± 1.57%), while least potential was found in essential oil isolated through hydro-distillation method (53.39 ± 0.43%). The results obtained are comparable to a previous study which stated that Boswellia serrata oleo gum resin essential oil show good free radical scavenging potential. [6] It was observed that all the essential oils revealed good antioxidant activity with least amount of linoleic acid peroxide formation. [47] In linoleic acid assay, greater the number of peroxides formed during the reaction, higher will be the absorbance and the lowest is the antioxidant activity. Supercritical fluid CO 2 extracted essential oil showed maximum ability to inhibit the oxidation of linoleic acid (94.18 ± 1.47%). Phenolic compounds are the most important plant secondary metabolites and act as antioxidants due to their hydroxyl groups. [48] Folin-Ciocalteu reagent is frequently used for determination of total phenolics. This reagent is used to find out the reducing capacity of samples. [49] The total phenolic contents in essential oils isolated through different extraction methods were determined from calibration curve (y = 0.0088x + 0.0422, R 2 = 0.99) and is represented as mg/L of GAE. Total phenolic contents in essential oils isolated through different extraction methods, varied from 598.24 ± 13.15 to 400.42 ± 10.01 mg/L of GAE. Supercritical fluid CO 2 extracted essential oil revealed highest amount of total phenolic compounds (598.24 ± 13.15 mg/L of GAE), whereas essential oil isolated through steam distillation contained least amount of total phenolic compounds (400.42 ± 10.01 mg/L of GAE). Total flavonoid contents of essential isolated through supercritical fluid CO 2 extraction method exhibited maximum value (376.18 ± 10.14 mg/L of catechin equivalents), whereas essential oil isolated through steam distillation method contained minimum amount of total flavonoid contents (202.66 ± 5.06 mg/L of catechin equivalents). Essential oil isolated through supercritical fluid CO 2 extraction method have shown the highest hydrogen peroxide free radical scavenging (68.25 ± 1.02%) and essential oil isolated through steam distillation technique exhibited the least hydrogen peroxide free radical scavenging (50.74 ± 0.68%). Total antioxidant contents of essential oils isolated through different extraction methods were determined from calibration curve (y = 0.021x − 0.0151, R 2 = 0.99) and represented as mg/L of GAE. Total antioxidant contents in essential oils isolated through different extraction methods were ranged from 94.39 ± 1.04 to 56.74 ± 0.79 mg/L GAE. Essential oil isolated through steam distillation technique contained highest amount of total antioxidant contents (94.39 ± 1.04 mg/L GAE), whereas essential oil isolated through supercritical fluid CO 2 extraction method contained least amount of total antioxidant contents (56.74 ± 0.79 mg/L GAE). The variation in antioxidant activity of essential Table 1 . Total phenolic, total flavonoid contents, DPPH free radical scavenging, hydrogen peroxide scavenging, and total antioxidant/FRAP activities of Boswellia serrata oleo gum resin essential oils isolated through different extraction methods. oils may be due to difference in chemical components of essential oils isolated through different extraction methods.
Antimicrobial activity of essential oils
Antimicrobial activity of isolated essential oils against two gram-positive bacteria, two gram-negative bacteria, and four fungal strains was determined by well diffusion, resazurin microtiter plate, and microdilution broth assays ( Table 2) . The values of inhibition zones (mm) and MICs (µg/mL) for the essential oil isolated through different extraction methods were 7.57 ± 0.19 to 24.21 ± 0.34 mm and 35.18 ± 0.77 to 562.94 ± 8.07 µg/mL, respectively. These results show that all essential oils revealed good antimicrobial activity against tested microbial strains. Steam distillated essential oil have shown higher antimicrobial activity with larger inhibition zones ( .07 µg/mL and 225.17 ± 3.50-281.46 ± 3.62 µg/mL, respectively). These experimental results are in good agreement with previous studies. [6, 50] The GC-MS analyses of essential Table 2 . Antimicrobial activity of Boswellia serrata oleo gum resin essential oils isolated through different extraction methods. Values are mean ± standard deviations of three separate determinations. Different letter in superscripts represent significant difference among Boswellia serrata oleo gum resin essential oils isolated through different extraction methods. A = Positive control for bacteria and fungi was amoxicillin and fluconazole (25 µg/disc), respectively. oils have shown that monoterpenes and oxygenated monoterpenes were the major components of Boswellia serrata oleo gum resin essential oils. These compounds might be responsible for their antimicrobial activity. It is also previously reported that monoterpenes and oxygenated monoterpenes might be responsible for antimicrobial activity of Boswellia serrata oleo gum resin essential oil. [6] In another study, it was reported that the antimicrobial potential of Boswellia serrata oleo gum resin essential oil is not due to a single compound. It was due to the synergistic effect of several compounds. [50] GC-MS analysis of steam distilled essential oil represented higher amounts of α-thujene, camphene, β-pinene, myrcene, limonene, m-cymene, and cis-verbenol as compared to hydro and supercritical fluid CO 2 extracted essential oil. These compounds may be responsible for the higher antimicrobial activity of Boswellia serrata oleo gum resin steam distilled essential oil (Table 3) . compounds, while in oxygenated monoterpenes, α-thujone, trans-pinocarveol, α-campholenal, and cisverbenol were the main compounds. These results are in accordance with previous study which reported that Boswellia serrata bark essential oil contained α-pinene as major compound, followed by β-pinene, cis-verbenol, and trans-pinocarveol. [52] It was also reported that monoterpene hydrocarbons were the major class of compounds present in Boswellia serrata essential oil. In another study, it was found that monoterpene hydrocarbons and oxygenated monoterpenes were the dominant class of compounds present in Indian Boswellia serrata oleo gum resin essential oil. [6] A different study found α-thujene as a major compound in commercially available Boswellia serrata oleo gum resin essential oils from India. [41] Such variations in chemical composition of essential oils may be due to difference in agro-climatic conditions, extraction methods/conditions, seasons, and geographical variations. [44] [45] [46] It is observed that the extraction methods significantly affected the chemical composition of Boswellia serrata oleo gum resin essential oils (Fig. 2) . The components that varied with extraction methods were α-pinene, 2,4(10)-thujadien, sabinene, 4-methyl-anisole, and α-thujone (highest in hydro-distilled essential oil: 80.86%, 0.76%, 1.27%, 1.98%, and 2.46%, respectively); α-thujene, camphene, β-pinene, myrcene, limonene, m-cymene, and cis-verbenol (highest in steam distilled essential oil: 5.24%, 1.66%, 3.30%, 1.25%, 1.93%, 1.55%, and 2.09%, respectively); and verbenene, α-campholenal, and trans-pinocarveol (1.48%, 2.10%, 5.31%, respectively, premier in supercritical fluid CO 2 extracted essential oil) ( Table 3) .
Conclusion
In conclusion, extraction methods significantly affected the essential oil yield, chemical composition, antioxidant, and antimicrobial activities of Boswellia serrata oleo gum resin essential oils. Maximum essential oil yield was observed in hydro-distillation extraction method. Essential oil extracted using supercritical fluid CO 2 has shown highest antioxidant activity. The variations in antioxidant and antimicrobial activities of essential oils may be due to difference in chemical composition of essential oils. Essential oil isolated through steam distillation method has shown superior antimicrobial activities. This might be due to higher concentrations of α-thujene, camphene, β-pinene, myrcene, limonene, m-cymene, and cis-verbenol in steam distilled essential than hydro and supercritical fluid CO 2 extracted essential oils. The findings of the present study provide the insights for future research on optimization of experimental variables involved in various extraction techniques. It would be interesting to assess the effects of temperature and pressure on essential oil quality in relevance to biological activities.
